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REMARKS 

Applicant respectfully request favorable reconsideration of this application. Claims 1-10 
are pending. 



Claim Rejections - 35 USC § 103 

Claims 1-6, 8, and 10 were rejected under 35 USC 103(a) as being unpatentable over 
Buon (US 4494548) and further in view of Nunoraura et al. (US 7001355 B2). Applicant 
respectfully traverses the rejection. 

Regarding claim 1 , the rejection conceded that Buon does not teach a device that includes 
a 1,2-butylene glycol or 1 ,3-butylene glycol. The rejection also conceded that Nunomura et al. 
does not specifically mention 1,2-butylene glycol. The rejection stated that because 1,2-butylene 
glycol and 1,3-butyIene glycol are isomers, it would have been obvious for one of ordinary skill 
in the art to substitute one isomer for another in order to achieve a predictable result. Applicant 
respectfully disagrees. 

Buon teaches a device with a fill fluid. To work as intended, Buon's fill fluid must have 
certain characteristics. Buon teaches that the "fill fluid must also be capable of lubricating the 
mechanism which it contacts, i.e., the bearings 13 and 18, the cam 13, etc. and chemical 
compatible with the materials within the probe to which it is exposed as well as being electrically 
insularing. An example of such a fluid is composed of 71% propylene glycol and 29% Poly G- 
200" (column 2, lines 57-63), Further, Buon teaches that the fluid is sealed with a pair of O- 
rings in the internal body (see column 2, lines 64-65). Accordingly, Buon's device requires that 
the fluid be sealed inside the device to lubricate the mechanical parts of the device from within 
and further that the fluid must be electrically insulating. 

Nunomura et al. does not teach a 'Till fluid" that has the requirements that Buon teaches 
are necessary for the device to work as intended. Nunomura et al. teaches a viscous composition 
for applying on the skin (column 4, line 57). Nunomura et al. teaches that the viscous 
composition include a water-soluable humectant and an aqueous carrier. Nunomura et al. does 
not even suggest that the viscous composition can be used inside an ultrasonic device, let alone 
suggest that it is capable of lubricating mechanical parts, such as "bearings" and "cams" (as 
required according to Buon, see supra). Nunomura et al. teaches that the composition includes 
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u 0. 1 % to about 30%" water-soluable humectant (column 1 1 , line 14). The water-soluable 
humectant contains butylene glycol which is specifically and singularly defined, without 
alternatives, to be 1,3-butylene glycol (column 11, line 17, and again in line 38). Nunomura et 
al. teaches that 1 ,3-butylene glycol provides a moisturizing effect to skin without significantly 
deteriorating the penetration of skin lightening agents (column 1 1, lines 34-36); Further, the 
water-soluable humectant 1,3-butylene glycol is provided in an aqueous carrier comprising "at 
least about 70% water" (column 12, line 26). Accordingly, the composition taught in Nunomura 
et al. is not intended to be sealed inside a device to lubricate the mechanical parts of the device 
from within. Thus, filling Buon's device with the composition taught in Nunomura et al. would 
be contrary to the stated purpose of the composition in Nunomura et aL Therefore, there is no 
motivation to combine the two references. 

Further, the rejection erroneously concluded that it would have been obvious for one of 
ordinary skill in the art to substitute one isomer for another in order to achieve a predictable 
result. Although it is known in the art that certain physical properties of particular isomers of 
butylene glycols are similar, for example, 1,3-butylene glycol, 1,4-butylene glycol, and 2,3- 
butylene glycol have similar physical properties, it is also known that 1,2-butylene glycol has 
physical properties that are significantly different from the other three isomers. The difference is 
generally attributed to the more hydrophobic nature of 1,2-butylene glycol compared to the other 
isomers of butylene glycol (see Hawrylak, Brent, et al. Ultrasonic Velocity and Volumetric 
Properties of Isomeric Butanediols plus Water Systems, Can. J. Chem. 76: 464-468 (1998), at 
468). Further example is in the viscosities of 1 ,2-butylene glycol and 1,3-butylene glycol, which 
are significantly different from eachother (see Table I of Hawrylak, Brent, et al., Viscosity, 
Surface Tension, and Refractive Index Measurements of Mixtures of Isomeric Butanediols with 
Water, Journal of Solution Chemistry, Vol. 27, No. 9, 1998: 827-841, at 829). As shown in Fig. 2 
of Hawruylak et al, 1,3- butylene glycol (1,3-BTD), 1,4- butylene glycol (1,4-BTD), and 2,3- 
butylene glycol (2,3-BTD) show similar Art values while that of 1,2- butylene glycol (1,2-BTD) 
| is clearly different from the other isomers (see Id, at 834; figure is shown below). Accordingly, 

;j because of these differences, one skilled in the art would understand that substituting 1,2- 

| butylene glycol for 1,3- butylene glycol does not achieve a predictable result. Thus, it would not 

| have been obvious for one of ordinary skill in the art to substitute 1,2- butylene glycol for 1 ,3- 



PACE 4/25 • RCVD AT 6/18/2008 5:15:21 PM [Eastern Daylight Time] * SVR:USPTO-EFXRF-5/12 * DN1B:2738300 * C8ID: 61 2-455-3801 * DURATION <mm-ss):10 



18/D6/2008 16:15 



612-455-3801 



HSML (TK) 



Page 5/25 



Application Number 10/559881 

Response to Office Action dated 03/1 8/2008 

Page 4 

butylene glycol. As noted above, Buon's device requires a "fill fluid" that is sealed inside the 
device to lubricate the mechanical parts of the device from within and further that the fluid must 
be electrically insulating. Nunomura et al. does not teach whether the "fill fluid" has these 
requirements that are necessary for the device to work as intended. Therefore, there is no 
motivation to combine the two references. Further, even if there was a motivation to use a 1 ,3- 
butylene glycol in Buon's device, there is no reference that teaches the use of 1 ,2-butylene glycol 
as a "fill fluid." Further, as stated above, it would not have been obvious for one of ordinary 
skill in the art to substitute 1,2- butylene glycol for 1,3- butylene glycol. Therefore, claim 1 is 
patentable over Buon in view of Nunomura et al. Claims 2-6, 8, and 10 are patentable for at least 
the same reasons as claim 1 from which they depend. Applicant respectfully requests a favorable 
reconsideration. 



834 
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>■ Claim 7 was rejected under 35 USC 103(a) as being unpatentable over Buon, in view of 

Nunomura et ah, and further in view of Ludwig (Ludwig, George. The Velocity of Sound 
-\ through Tissues and the Acoustic Impedance of Tissues. The Journal of the Acoustical Society of 

] America, Nov. 1950: (22)(6) 862-866) and in view of Schafer (Schafer, Mark E et al. Use of 

Time Delay Spectrometry in Fluid Attenuation Measurement Ultrasonics Symposium, 1 989: 
■ | 973-976). Applicant respectfully traverses the rejection. Neither Ludwig nor Schafer remedy 

| the deficiencies of Buon and Nunomura et al. stated above in regard to claim 1 . Thus, claim 7 is 

patentable for at least the same reasons as claim 1 from which it depends. 
;1] Moreover, the rejection stated that Schafer teaches the acoustic attenuation properties of 

1 1 >butylene glycol and accordingly it would have been obvious for one of ordinary skill in the 

art to understand the attenuation properties of fluids as taught in Schafer and to modify the 
;} system of Buon and Nunomura et al. to include the desired fluid as taught in Schafer in order to 

■i chose the ideal fluid. Applicant respectfully disagrees. 

£ Schafer et al. teaches that finding or choosing an ideal fluid that meets certain acoustic 

constraints that is also "non-corrosive, non-conductive, and have suitable dielectric and viscosity 
| characteristics" is not only non-obvious, "it is nearly impossible" (Schafer et al., at 973, Part I), 

% Schafer et aL also states that the results have a trend wherein "more viscous fluids generally 

| showed higher levels of attenuation" (Schafer et al, at 975, Part V). Schafer et al. does not 

| support this statement with any numerical values, graphs, or data. Accordingly, this statement is 

| merely a general statement regarding an observed trend of the few tested fluids, not a theory that 

;3 correlates fluid properties. This is supported by the fact that it is well known in the art that 

| viscous fluids do not necessarily show higher levels of attenuation. For example, Selfridge 

I ( IEEE Transactions on Sonics and Ultrasonics, Vol. SU-32, No. 3, May 1985: 381-394) teaches 

! attenuation values of certain fluids (indicated as LOSS(A=) on pages 388-390). Further, the 

j viscosities of certain fluids are known in the art, see for example page 394 of Chronological 

| Scientific Tables, vol. 75 (2002, edited by National Astronomical Observation of Japan). The 

! following table shows several fluids' attenuations and viscosities, selected from the above two 

I documents. 

i 
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Liquids 


CAS No. 


Viscosity 
(10* J Pa-s) 


LOSS(A=) 


Temperature (°C) 


Acetone 


67.64.1 


0.31 


54 


25 


Alcohol, methanol 


67.56.1 


0.543 


30.2 


25 


Benzene 


71.43.2 


0.603 


873 


25 


Alcohol, ethanol 


61.17.5 


1.084 


48.5 


25 



> As shown in the above table, acetone has a viscosity of 0.3 1 and attenuation of 54 while 

ethanol has a viscosity of 1 .084 and attenuation of 48.5. Accordingly, acetone has lower 
■k viscosity than ethanol yet exhibits higher attenuation. Furthermore, ethanol has a higher 

viscosity than benzene, yet benzene has a substantially higher attenuation than ethanol. 
':[ Accordingly* the examples above contradict the presumption relied in the rejection. 

As shown above, it is known in the art that a fluid having lower viscosity than another 
fluid does not necessarily also have lower attenuation. Thus, it would not have been predictable 
that replacing 1,3-butylene glycol with 1 ,2-butylene glycol as an acoustic medium would result 
in the desirable attenuation. Accordingly, even if the viscosities of 1 ,2-butylene glycol and 1 ,3- 
butylene glycol were known, one skilled in the art would not be able to predict which would 
have higher attenuation. Thus, the rejection erroneously relied on this general statement to 
conclude that there is a relationship of viscosity to attenuation that would make one skilled in the 
il art to predict that 1 ,2-butylene glycol would have lower attenuation than 1 ,3-butylene glycol . 

I The acoustic impedance of 1 ,2-butylene glycol is superior to and more desirable than 1 ,3- 

1 butylene glycol because the acoustic impedance of 1 ,2-butylene glycol is similar to the acoustic 

{ impedance of a living body (see page 8, lines 17-1 8 in the Specification). Because of this and 

ij other unexpected and superior acoustic characteristics of 1 ,2-butylene glycol, "an ultrasonic 

■f probe with high performance, high quality, and safety can be obtained. In particular, since 1,2- 

§ butylene glycol produces a small amount of ultrasonic attenuation, it is possible to improve the 

;| transmitting/receiving sensitivity for ultrasonic waves'' (page 10, lines 12-15; also see Fig. 2). 

J Further, Fig. 3 illustrates clearly the superior viscosity characteristics of 1 ,2-butylene glycol over 

that of 1 ,3 -butylene glycol for use as an acoustic medium. 

>i 
*.i 

\ 

\ 

K 
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For at least the above reasons, claim 7 is patentable over Buon, in view of Nunomura et 
al. 9 and further in view of Ludwig and in view of Schafer. Applicant respectfully requests a 
favorable reconsideration. 

Claim 9 was; rejected under 35 USC 103(a) as being unpatentable over Buon, in view of 
Nunomura et al., and further in view of Atala et al. Applicant respectfully traverses the rejection. 
Atala et al. does not remedy the deficiencies of Buon and Nunomura et al. stated above in regard 
to claim 1 . Thus, claim 9 is patentable for at least the same reasons as claim 1 from which it 
depends. Applicant respectfully requests a favorable reconsideration. 

In view of the above amendments and remarks, Applicant respectfully requests a Notice 
of Allowance. If the Examiner believes a telephone conference would advance the prosecution 
of this application, the Examiner is invited to telephone the undersigned attorney-of record, 
Douglas P. Mueller (Reg. No. 30,300), at (612) 455-3804. 



Respectfully submitted, 



53148 



HAMRE, SCHUMANN, MUELLER & 



PATENT TRADEMARK OFFICE 



LARSON, P.C. 
P.O. Box 2902 



Minneapolis, MN 55402-0902 
(612)45*3800 




Dated: June 18, 2008 



By: 



mgjas P. Mueller 



[eg. No. 30,300 



DPM/ajk 
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Approximate Material Properties in 
Isotropic Materials 

ALAN R. SELFRIDGE, member, ibee 



Abtirsri—.K vrry Important part of the design of ultrasonic trans- 
ducer* ami ultrasonic measurement systems is the selection of mate- 
rials. Typically, materials must be screened on the basis of their acous- 
tic rdedfey, impedance, and attenuation. Toe final selection or a material 
is based upon many other factors, sodi as how wdl it adberes to epoxy, 
Us Moearlty, or how much wafer it absorbs. This paper is intended to 
aid in the Instistl screening process. Some ample techniques for ap- 
proximating these materia) properties are presented, and then an ex- 
tensive uhte of the materials thai haw been measured < 
ertfsB hare been obtained from the references is given. 



Measurement Techniques 

THE FIRST STEP in the measurement of acoustic 
properties is to prepare a sample of the material of 
interest. Typically, the sample should have a thickness of 
approximately ten wavelengths at the measurement fre- 
quency and lateral dimensions at least ten times the thick- 
ness. The major surfaces should be flat and parallel to 
within about one percent or less of the thickness. If the 
material is cast, then special care must be taken to lap or 
sand the sample sufficiently to remove any variation in 
thickness due to shrinkage during cure. 

Once the sample has been prepared, It is mounted in a 
measurement system such as the one shown in Fig. 1. The 
system consists of a water tank, an ultrasonic transducer, 
and a gimbal jig. The water tank shown has a glass-plate 
bottom to facilitate alignments in these and other experi- 
ments. The ultrasonic transducer used in this case was a 
Panametrics Vldeoscan Immersion Transducer (reference 
number V310), with a center frequency of 5 MHz and an 
element diameter of 0.25 in. Obviously one should choose 
a transducer with a center frequency close to the fre- 
quency of interest. The element in the transducer should 
be flat and have lateral dimensions at least ten times the 
acoustic wavelength in the water. This is important to avoid 
having to make correct tons for diffraction. The gimbal jig 
in the measurement system is used to mount the sample 
and to align the major surfaces perpendicular to the ultra- 
sound beam. It is desirable to design this jig such that the 
axes of rotation intersect near the front surface of the sam- 
ple, and thereby keep the distance between the sample and 
the transducer nearly constant during alignment. Align- 
ment is done after the sample is mounted by iteratively 

Manuscript received July 20, 1984; revised November 26, 1984. 
The author is with Ultrasonic Devices, Inc., 2592 Middle field Road. 
Pato Alto, CA 94301, USA. 
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Fig. 1. Measurement tank. 




rotating the sample on the axes shown in Fig. 1 until the 
echo amplitudes are maximized. 

The electronic system used to make the acoustic mate- 
rial measurements is shown in Fig. 2. This consists of a 
signal generator, a pair of diodes, the transducer, a re- 
ceiver amplifier, and an oscilloscope. The signal generator 
must be capable of generating a gated sine wave with ad- 
justable frequency and fairly small duty cycle, typically 
one percent or less. The small duty cycle is important so 
that the toncbursts can be short, typically five cycles, with 
a repetition rate low enough for all the reverberations in 
the measurement system to be well damped before the next 
excitation pulse is generated. It is helpful to place a pair 
of sil Icon diodes, back-to-back as shown in Fig. 2, in series 
with the signal generator. These have the effect of signify 
icantly improving the signal -to-noise ratio at the output of 
the system by removing the loading effect of the charac- 
teristic impedance of the signal generator from the trans- 
ducer on receive, as well as isolating any low-level noise 
from the signal generator Into the receiver amplifier. The 



0018-9537/85/0500-0381501.00 © 1985 IEEE 



PAGE 9/25 * RCVD AT 6/18/2008 5:15:21 PM [Eastern Daylight Time] " SVR:USPTO-EFXRF-5/12 " DNI8:2738300 ■ CSID: 6 12-455-3801 * DURATION (mm-ss):10-16 



18/Q6/2008 16:15 



612-455-3801 



HSML (TK) 



Page 10/25 



382 



1£EE TRANSACTIONS ON SONICS AND ULTKASONJCS. VOL. SUM. NO. X MAY 1*83 



diodes are relatively unimportant on transmission when the 
signal levels are significantly higher than the threshold 
voltage of the diodes. One must he sure however that all 
of the received echos have amplitudes less than 1 .0 V peak- 
to-pealc to avoid any nonlinearities in the receiver ampli- 
fier. Linearity can be verified by adjusting the signal gen- 
erator amplitude and observing that all received echos vary 
in proportion to one another. The receiver is typically a 
20- to 40-dB high input impedance amplifier with a diode- 
protected input stage. A Fanametrics 5052PR or 5052UA 
will work very well in this application. The oscilloscope 
must be capable of measuring time intervals and relative 
voltages with an accuracy of one percent or better. 

Once the materia] specimen is prepared and the mea- 
surement system is assembled, the measurements are car- 
ried out as follows. The specimen is put into the gimbal 
jig and the ultrasonic transducer is mounted nearly normal 
to a major surface of the sample. The distance between 
the transducer and the specimen is chosen so that , the 
transit time of; an acoustic signal passing between the 
specimen and the transducer is about four to five times the 
transit time of an acoustic signal passing through the spec- 
imen. Next the ngnat generator is set to the frequency of 
interest and then gated to produce tonebursts approxi- 
mately five cycles long. A train of echos due to reverber- 
ations of ultrasound in the specimen and water path be- 
tween the specimen and the transducer should be observed 
on the oscilliscope. The amplitude of the echo train should 
then be maximized by manually adjusting the alignment 
of the specimen with respect to the ultrasonic beam using 
the gimbal jig. 

If the material specimen is a typical epoxy with an 
impedance about twice that of water, and the measure- 
ment is set up and carried out as described earlier, then 
an echo tram similar to that shown in Fig. 3 should be 
observed. The ftrst four tonebursts in the received signal, 
denoted A i9 A 2ti j4 3 , and A+, are due to the wave that has 
traveled once through the water between the transducer 
and the specimen. A x is due to the reflection off the front 
face of the specimen. A 2 is due to the reflection off the 
back face of the specimen, and Ay and A A are due to re- 
verberations within the specimen. The next group of four 
tonebursts in the echo train are mainly due to triple transit 
echos, which traveled to the specimen, reflected back to 
the transducer, reflected back off the transducer, and trav- 
eled once again to the specimen, where reflections and 
reverberations occurred as before. 

This rather complicated situation is analyzed using the 
schematic drawing in Fig. 4. We launch a signal from the 
acoustic transducer with a stress amplitude of one in the 
water. This signal propagates through the water path until 
it hits the impedance discontinuity at the sample-water 
interface. The reflection coefficient at this interface 
is real and is given by (1). This equation and (2) can be 
derived from an example given by Autd [1, p. 130]. It is 
also given by Ristic [2, p. 11]. The portion of the signal 
that is reflected gives rise to the toneburst in the pulse 
train with the amplitude A\. Z s is the acoustic impedance 
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Pig. 3. Measurement signal. 
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of the sample, and Z w is the acoustic impedance of water: 



2, + Zj 



(1) 



Some of the ultrasound continues on into the material 
sample. The stress amplitude of the transmitted wave is 
given by the transmission coefficient (7\) given by 



2Z, 

Z s + 7^ 



= 1 + R v 



(2) 



A portion of the ultrasound which continues into the 
sample is lost through the back face of the sample, and the 
rest is reflected by the back surface towards the front 
again. The reflection coefficient found at the back face is 
simply — /?,. When this portion of the ultrasound reaches 
the front face of the sample again, part of it is reflected 
back into the sample, but some of it is transmitted back 
Into the water toward the transducer. The transmission 
coefficient here (T 2 ), is given by 

This portion of the ultrasound, which has been to the back 
face of the sample and is now traveling back to the trans- 
ducer, gives rise to the toneburst in the pulse train with 
amplitude A 2 . 

Unless the acoustic transducer is perfectly matched to 
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the water, some of the ultrasound that returns to the trans- 
ducer will be reflected back to the sample. This is the ex- 
planation for the subsequent groups of tonebursts observed 
in the pulse train shown in Fig. 3. The reflection coeffi- 
cient off the transducer (J?j) is a complex function or fre- 
quency. This is why it is desireable to totally immerse the 
sample in water rather than the transducer in direct contact 
with it. If one is going to get accurate measurements of 
acoustic attenuation in a material, it is necessary to know 
the reflection coefficients on both sides of it. 

While the sample is in the water tank and aligned, both 
the amplitudes <4, and A 2 are recorded as well as the time 
delay between them, At. The time delay At corresponds 
to the propagation time of the acoustic signal in the sam- 
ple. When measuring this time delay it should be noted 
that A 2 is inverted with respect to A t > This means that if 
one uses a positive-going first break as the time reference 
for A u one should see a negative-going first break farA 2 . 
Very often lossy materials wilt distort A 2 and make time 
determinations difficult. Some oscilloscopes, such as the 
HP1743, allow you to overlap two separately delayed traces 
and thereby obtain time-delay measurements with a high 
degree of accuracy, provided you include the effect of the 
phase inversion. 

The next step in the sequence of measurements is to 
remove the specimen from the water tank and measure its 
thickness 4 with a micrometer. With the propagation delay 
of the acoustic pulse trough the specimen together with its 
thickness it is now possible to calculate the longitudinal 
plane wave velocity V in the specimen as 



At 



(5) 



The density of the sample is determined next. This can be 
done either by weighing a known volume of the sample or, 
if the volume cannot be readily determined by Arche- 
mides* method. Archemides' method requires the weight 
of an object in water W w and its weight in air W a . If the 
material has a density less than LO g/ml, the sample will 
need to be tethered to a known weight so that its own 
negative weight in water can be calculated. After these 
two weights have been determined we calculate the den- 
sity p as 



W A 



(6) 



The acoustic impedance of the same (ZJ can not be cal- 
culated to be 



(7) 



Convenient units for expressing typical acoustic veloci- 
ties are ntm/ps. The velocity of water is very close to 1.5 
mm/jiS. Density is! conveniently expressed in g/ml. The 
product of these two unit choices gives impedances in 
MRayls (kg/(s x m 2 )) x 10 6 . The impedance of water in 
these units is very conveniently 1.5, Given Z, and 2*, it is 
now possible to calculate ft, T lf and T 2 , as given in (1)- 



(3). Given these values it is possible to calculate what the 
ratio between A 2 and A x should be, given that there is no 
loss in the sample: 



calculated^ 
A\ 



T, * T 2 = 1 - R * * 2. (8) 



To actually obtain the loss (in dB/cin) in the sample ma- 
terial we compare the measured ratio of A 2 to A x to the 
above calculated ratio as in 



Loss in dB/cm — 20 * log 



(Calculated^ 
Measured- 
1 A 




(9) 



If the previously mentioned rules specifying the size of 
the transducer and sample are followed, then the correc- 
tion required to (9) due to diffraction is only on the order 
of I dB, Typically, this can be ignored when calculating 
approximate material properties. However it is highly rec- 
ommended that after setting up the describd measurement 
system, and before trusting the attenuation results ob- 
tained with it, a sample of plate glass or fused silica must 
be measured in which the loss is known to be very low 
relative to what can be measured with this technique. Ob- 
viously, if the measured value of the loss is more than 
about I or 2 dB/cm, the assumptions previously made 
concerning diffraction are suspect. This in turn means that 
the beam pattern of the transducer is suspect. Stanke [3] 
has actually measured materials which appeared to have 
acoustic gain rather than acoustic loss! The distorted beam 
pattern of the commercial transducer he was using was in 
fact responsible for this observation, rather than some more 
interesting miracle. To get over this problem special trans- 
ducers were constructed using PVF2 on brass backings. 
The reflection amplitude of these devices was measured as 
a function of the distance between the transducer and a 
Mat plate reflector, and this function was shown to be in 
good agreement with diffraction theory. More reasonable 
results were obtained using these transducers. 

A program called PROPRT has been written which 
prompts the user to enter all of the necessary measured 
values and then calculates the material properties. It then 
prints the input and calculated values into a small area 
which can be cut out and taped onto the box enclosing the 
measured material. This program is listed in Pig. 5. 

Tables op Material. Properties 
The following tables of material properties are included 
to aid the reader in the initial screening of materials. Ab- 
breviations are used a great deal to obtain the compact 
format which is presented. Most abbreviations are ex- 
plained in a table which follows the table of plastics; how- 
ever, it is appropriate to at least define the appreviations 
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Fig. 5. Pxcsp&m PROPRT. 
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1.517 




1.942 


K429 


A-181M. 




IA 


Oil. cars 




1«H 




l.?22 


1.34 








Oil. dirttl 




1.25 












1) 


Oil, grtfity W 








8.9? 


1.472 




\ 


IA 


Oil, Unwed 








8.94 


1.37 






B 


Oil, Unseed 




1.77 




8.922 


1.63 






M 


Oil , wrwil, liftt 






8.825 


1.1? 






id 


Cil . lion-alt buvy 






1.843 


1.23 






JA 


Oil, oiiye 




1.M3 




8.918 


1.32 






R 


OH, furrrfU 




M2 




8.835 


1.86 








Dil, fMOirt 


Plinttr um 




8.914 


1.31 








Oil, SA£ 21 




1.74 




l,87» 


t.51 








Oil, 59C 21 




I-? 




1.88 


1,3 






JA 


Oil, lilicM Dm 281, 1 c«U*tokt 


DC 






8.813 


8.74 






20 


Oil, wtietm few 219. II wntUtrtt 


DC 






L?48 


8.91 






JA 


Oil. silicon 3«r 281, Iff crntittekt 


DC 






8.?68 


0.95 








Oil, silicon tow 211, IW cm U it ok* 


DC 


1.99 




8.972 


MS 






a 


Oil, siticac 8e* 719 < 2JC 


DC 


1.332 




l.U 


1.58 


A=8269, 




JA 


Oil, ftfllOMT 




1,45 




8.78 


1.39 






JA 


Oil, ior*f** 




1.43 




B.?3 


(.32 




• 


n 


Oil. f<*r* 




I.H 




9.89 


1.268 








Oil, iioHloMer 




L43 




B.?2 


1.51 






« 


Oil, tr«Bifortcr 




I.J? 




8.92 


1.28 






JA 


Oil, lintergriei (ke&y! JalicyUUI 


CVS 


1.39 




1. 16 


1.61 






M 


OftygM, 02, liquid it 9« 




l.98t 




Ml 


1.8 


ft=9.9 




* 


ttTiiii* it 15C 




1.31 














<i-**t*»t r CWl 2, UqvM «t ISC 




1.827 




B.626 


1.642 


A*189 




It 


Pplypropytrct wide (AabiUc) *k 3BC 




1,37 












K 


PoUitiut »t tUC, t^H.TC em '8* iw ot!*r t«?«l 


1.02 




8. S3 


1.51 






R 


Fyridim 




1.41 




8.922 


1.39 






n 


Srfiw, UpM *t 39JK, (hi tor othtr tt*?i> 


2.42 




8,81 


2L32 






R 


So**«aa 13 




1.37 




8.877 


1.282 






AS 


SOfWtf 4Cl COUplMt 


Echo 


1.42 




l>84 


1.48 






It 


UJlo» »t I4C 




1.3? 














Ihitliim it «p*3IJ.5c, usM in ptotec»)U 


C 


1.42 




1L9 


19,5 






R 


Triehfirithflnt 




1.85 




1.85 


1.11 






CRT. 


(urpMUnt, at 25C 




1,255 




1,88 


1.184 






H 


ftrifii Bli 




1.35 




0.87 


1.191 






W 


fatr\ te*v), 620 




Ml 




LIU 


1.54 






N 


8*ter, liquid ftt 28T. 




1.49 




1.88 


1.483 








fattr, Uviitf It 23C 




1.49&7 


2,4 


1.998 


1.494 


A>22 






f|ttr t Hq»l<t U IIC 




1.SB9 




i.ta 


1.519 


A*l?.l 




W 


Itttr, UfuiA it Ut, tttpt up to SWF ljit* 


fin W 


1.55 




1.18 


l.SS 


fl»18.9 




& 


tettr. ult Jfl 




1.47 












H 


tot«r, silt iSZ 




1.53 












H 


**iir t Mil 2fl 




KM 












Cffi 


fatw, sti, it 23C 




1.531 


2.4 


1.823 


J. 56? 






tt 


Jwwn, U^tt it 1&6K 




I.&3I 




2.66 


i.ei 


A=22.8 




Ott,» 


lylBM HeuUorldt, C8H4F4, it 2K 




1.879 




l.P 


1,222 








t-iyioi, cmii 




1.32 




8.864 


1.145 


















UB8 






*c«ione v»6Cf. C2ftO #t ??, IC 






a,32 












»»/-. Of? 4l K 




8.3SH5 8.33 


1.253 


B.<2B4 






if 


i.r. Jt «. 73 




8.312 












H 


Air at 9C, H lift 




0.3^5 












K 


;ir it a:. ;» §tt 




8.35) 












B 


Mr at 




8.344 












* 


4ir 9* INC 




1.386 












M 


Air it 3HC 




8.553 


















8.113 




a.7?i 


9.321 






cat 


Ar«i at K 




1.51? 


8.54 


i.;b3 


8.569 






t/.C 






8.282 


8.3 










c*c 


«OTCiide. CO it 8C 




4.3JB 


1.6 


I.2S 


8.423 








Carhfln aio.idi. CD2 at 8C 




8.239 


8.4 


1.977 


9.512 
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TABLE 1 {Continued) 







V 




f 




| 


ft 




MS9 










CftC 


t*rim Utnchlorlde vitmr. t<Cl>4 at 97. IC 


B.145 








i 


tkZ 








3.214 


0.642 


[ 


CRC 




i.ni 


0.74 






*■ 


IX. 






1.4 


0.19 


0.1691 


•Jr 
t 


CSl 




B.3B8 




1.356 


f 418 


rtr 




1.31? 




1.269 


1.449 






stbinol »*sar, C2BSQK it 57. IC 




0.* 








CSC 


EtM fllher. C4H10Q U CT,IC 


l\20i 


0.3 










hetiu* at SC 


0.965 


0.9 


0.178 


0.172 






H/flrraWi it BC 


1.2B4 


2.2 


1.1899 


8.1154 






Hydrnen breiide. KBr it tC 


4T.Z99 




3.59 


0,701 




CSC 


H r drofl« eWorld*. HC1 it IC 






1.439 


B.4B5 


I 


CKC 


M«-os«n iodide. W it C 


0.157 




3.<A 


9,909 




CRC 


HrJr^en t»2f Ldt. K2S it 9Z 


8.IB9 




I. S3? 


0.445 




cue 


**tb 4 ze. CK4 *C K 


0.438 




0.7166 


0.33 






VUwol wor. CK30H it 47, IC 


0.335 


9. to 








B« 


■too. it fit 


0.(15 




0.700 


1.195 




CSC 


Kltric code. KC it IK 


1.324 




J .34 


0.434 




PC 


vitr asm. *2 at BC 


0.334 


0.4 


1.251 


9.418 


< 


CfC 


Xitrcm. and»» M2C at DC 


0.H3 


0.5 


1.977 


9.529 




tfC 


Oivsa. 02 it K 


0.3U 


8.54 


1.429 


0,451 




N 


Dvv3«n. az a 2BC 


«.:iB 




1.32 


0.433 




cr: 


Sulfur disutt. SO? it B 


B.213 


t.47 


2.927 


0.423 






Hater »*63T it BC 


B.431 








?■ 


H 


n*t<r s*w a uec 


0.413 










CSC 


Batar v*w>r *1 134C 


0.494 








<": 



3* 

MS 
fta*r 

M0U 



Borg 
C 

Ch 

Citu 
Corn 

CVS 

c 



Dyni 
E 



EBL 



Echo 

EC 

fl 

Bin 

BE 

SEP 
6B 



Bay firn t <4 13)257-2244, Ui Aagtlw, £713)726-6313 

ftCftt Chciitali. FO lw 1494, Kmn, Can*. 96393. (2I3>3AI-2l7l 

flPO faqlwcf in<f t facUatf; Bi. 02378 

6»rK«ft Boechtt Corp.. Tertin, Ci. I7t*l 738-5151 

WTL ProcAil. fifif, frirv£* 

9rink»m Usircirtt* !nc. t Breit K#ck Ui.H-Y, 

Chfii»ir* 5tcr«i, 5t«rfBr<l UoiW»ltf t Stinf«-^ C*. 94315, »4t41497'i:n 

Berg-VKQer Cb»i»U toe.. fntsrMtloBal Cent«r t PirNrffrwrg, 9. V»- 24191 (304»424-54n 

Colpritf Pl*«tt:t Co., 101 RlHrMtf fl*t., MctrfUltf 9,3. 07657 

CtriC, PS Bo* 117*, Bilknakit. Sit. 33291 r t*!41 2BVV3I2 

CfcMttft, Hiynard, Ci. , {415)783-9339 

Cibi-AriUitt Pt«iu£U 

Corninq Elm ItxH, S. Til4f*» Bunnvvile. Ca,, UtfllTTt'SBSI 
Ccrniruj Glut, Corning, i.f. 
Local fharfttcr 

CI. Cttpfldt da Mmors, U8533 Fr»o P/otfutts Dlr"., VUlnqtoo f tel. 19698 I»9i441-75i? 

V«ntrofl Corp., ftlphi Prodactt, 2999 Pi*« St.. s*n Lwodfo, Ci. 94577 

Rwtron Corp., Mf*J Dirision, Di»vv 4 BMS., t6l7/77>(?7lx»6 

Do* Corntnj, <»vsrything U silicon bisodl Frtcaa. Ci. (299)4419291 

PC. R, tad trend, 136 KoH« Rd., SMftyvilt. a. 94686 i40B> 736 - 67 30 

tronell EUUo Predicts 4212i924-6«3 

9 p «»il Corp., Cooper Fed.. Bert in, B.J. 6B89t (609J 747-4600 ftirtv Urvdf 
t. T. Horn Co., Sit 66th 9ve. t OalUsd, C*. 94421, (4131568-2137 
Bow D>Mic»l 

58L. 9t Tollin* St. T t#»J Bartiord, Cflna, 06108, <?«3I289-54Z9 
ftmltrga, 232 Forbft Rd., Bedford, Ohio 44146, 1216^32-8419 
Xolf« Ehijptcrini, (n4l646-77l4 

OiinABl IndKStriK, 839 Hard Br., S**ta Btfluri, Ci. 93105, 1805)967-9171 
Trartftfucrr P^oduetc. « 63 *fart&, Bcin^ t Coon., <203)49l-325t 
Ccbc U6s, « Bo> 552, Unifton, Ptnn. 17044, 1717)246-4993 

tMrsoo CtiMift?*, 694 V 132nd St., Birdwi, C*. 99749, t2U) 379-1147. il l3)32l-4459»33 

rtoorocirlm ?roc«s festtK, 1 437 S Altec St., PO Bs« 3640; ♦niHeia, U. 92313, (714)95o-7339 

SallioDer Corp., 3966 Korrtvin Br. r 0WKn««, 111. 60031 (312)249-3448 ftietiard 6aH*oh»r 

Baoaril Electric, Silicon Frodoct*. Ut«r1ord, B.T. 1210B, 1518)237-3338 

Eltctrlcil SlKllltf Co., 213 E. Birris ft»t-, 6a. Sio fr«ciico, Ci. t41515B9-96H 

Srttril ElKtrte, 1701 E. Bilf, City of Indue try, Ca. 9! 745 

E.B. Roberta «wJ finociita*, Palo ftlto, Ci. n (4I51494-U71 

£.V. Robtrtf aad AKxiitii, 858B Sttllar Dr., Culm City, Ca. 9923* 



ir 
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TABLE 1 (Continued) 

Hints t CcrpofaticB 
Scfteral RLlti 

» Hvw! Dtvi**, Queer Corp., (Heaa, 8.7. J4761 

Hjtol TfltoUti^ Mt+riiU, 15831 E. fi» Julian S3., irrf&st-'y- U. 91749, C213»94B-4511 
14151497-42H 

1 todies Car*.. «J So* 2*9, tttics, 8.t. 13583, f3tT»7S7-uar 7*l« 9373i: 
JR johnt-**»ille 

Electrical Materials foe, San SntcMo W.. Pala Alto, C*. f<lSM94-WM 
Kw* bfeattt lac, I 84 V. Church, lizto*. lod. 4S:*9 
*«d«le Castas* CbMicii deducts Inc., Kir^fport, Tern 
let lee Plastics. 793 £, Pica M4 M tot Ano.;rs, C*. NKt, (2l7i»4»-5W» 
U U Tengiten Co., 63 Kerhhill Bd., 61wcc«, S.V, 11542, t«U>47fWJi4 
Lcc tobtlcr Supply, 2938 Bay B r*, * Ssttoad City, Ce. 94843, (415)344-7331 

tactile. 10737 Crarnood Firi*,, tle«2 aod, Ohio 44175, !86l)^J-ViBfi,B? 
UPC hediol ?r 0i h«t, Ccrp,, P8 I77#. Uaci/w, Misc. SJ4t5, <IHlo3*-r534 
toaay Kcbty Chwicil Corp.. t«44) Voq Karsar. Ave., tr*ine, D. 92714 
flans HoflSMta to. 831 8. LiMfiergO 8l*d.. St. tools. Ho. 63)44 {314)494-1888 

fcir* BuriU Corp. o< Bserica, I14& franklin RJ. 5,fc\, "arietta, 6*, 3Mb7, (484 1952-9777 Jifo Rifaukj 
e hi! Fbillip* Fetroleos 

fori fort Plastics, t«7 «- F»iroa*s fc* M Sundyvals, Ca 94*84 (415)114-1391, (4H»7fMlli 

m Proflatts R«i**.*cb and Coeelcai Coer., 3431 San Fernaftdo, Sltn4«le Ca. 91283 

Re-> Bn P)«tfci, 51*. of Cifta Seigv, 18424 lit UngLej, FouataU Vsiley, Ci., t7t4)943-B9B4 

fiS fofil Kaes. *a Caavltoe Ave. . Palo Alto, Ce., (415)371*5518 

Set's Rohs and Haas 

AS E. 3. Miffies Co.. Hoi Sonera Court, P8 8o< 3)3, aWMfvale, Ca. 94884 (48?) 739-3211 

Electric*} SCttiiities Co. (415)339-9411 
ScKoit Schott Ootical rtl Be. 4111, Fellertou, Ca. 92*34 , <7t 4)871-8888 Bob Chaster* ia 

Schott Opticit Glass, tork Aw., Joryej, Pwn. 10*42, i7l7J457-74$5 
Eh the! I ChMica] Co. 
3« Sargent *ekr, Chetical Corp. 

T Thiotat QmjkjI &i*., 938 lo*er Ftfry Irefltoe, M. 83487, i«9l3%-4t8l 

Tap Tao Nasties Inc., 1212 Airwda, 3<p J«i, Ca M l4B8>291-e&83 

?tch Tscb^oro Ubf. uoc ^gelw, C«. 988&I 

!r Tn-aw inc.. HriiorH. &». 82133 

UC Union ua<bidt 

LKi frj/OVAl f838?;43-SI9 

4o3j Upjohn Co., CFt Di *. , S55 AIkc* A^b., Torranu, Ca. 985B3 
USl US 3 C?rp. c/0 rtutic Sy«te*5, 39 Brlgbao St., Harloxo, ?1a- W732 (417)453-7391 
Vf «»JwrFitfJ«r, 73 Sou^o St., Hopkiflton, «a 81745 <0l714S-493) 
Viol V«& Biter s Rogers, 1 488) 26 j -99W, 2254 Junction, Sad tae, Ca. 
Wwtb-Paci^c, i4l5)32t-34l9 

Epo»> Technology toe.. *«4 Fortoaa fir., Sitlcrka, Haas. 81821 
96 Vaslara Bold and Platiaua Co.. 477 harbor ajvtf,, Bel too t Ca. 94802, {415)592-5448 
MP Vtttlaaa Plaitica, Ffl Boa 127, Lenoi. Han. 19J32. (2131459-1B88 flatsul, H.Y., e.f. 

FliftkU San frtnclsco. Ca. <4131SS8-1848 

m* msmmi 

AL^lNft ftlwioot. Q\ii» <ar lb in liyv cAroaatcsraaNv. SbUine4 fro* Cheaistrj Stores at Stanford tai veriitr. 
£5H A Li Too9tten pradoci. the a to 18 atcroi pEKder 
OCT Don ej»»y bardotr 

U»3 ft UwU oolywHide rettn 4roa Ttiiokol Corooratton 
B£F. Dsn epoHV resir- 

KFtfl fteta-pbtoUifie-diaaioe, a food apony bardoar. Uu vandtirs > r handle, or ratlnr can't Hindi ■ with care. 

Tfaift product calk be difficult to obtain 4resh, should arrive in the for* ol rtitciefc flokes. 

boon haadHrta, tale cart to oc* olovec and eprofl, do not breath the potdsr. H ts best ttored 
■ ia ivt filled eitfi wtrooeo at BC. 8bto opefiing a on jar. alt an it to eqUUbrtta to RT first. 
PHA hrtl Oft iajnirtd parts by irejgfct of 4 
Ptt Parts per huodred parts by eeigfat of eiaed ejwiy 

FUR Parts per Imadred aarts by eeJo)tt of (t£2I«, as opposed to total »«jQftt eu. 

Rl RBCipe 1| Heat tne rest* to 7BC, add toe KPM iti< teeo the aiiture in toe oven until tbe RfS^ aelts. 
Sift the 8 tbreu^h a [88 eecb screen aod add to tbe epoxy* Stir tbroy|hly, sod outqus the aiatore to 
a 188 ait/on t*i\at*. Cure at 48C far t hour, tbeo lea<re fe oven overttitt at 78C, 

R2 Recipe 2; Hit alueioi to resin. Aluaina is «erv Ught and fUf *y dors not aeed to be sifted first. 
H H so lipbt ia fact, tost any stature hniag tore than about 183PW of it Dill be fixatrobic 
aad bard to paor. Rest add the bsrdner, then stir tiwoujnlv and outqass to 239 sicrons. 
Uie an eoaravipq teol on the beater to facilitate pouriag. Znre si RT far 4B bours. 

U Recipe h Sift t>e * tbroogb s IBS oesb screen before adding to the resin «t fiT. Stir and Diittaes tbe 
suture to 131 *lcro*s rectus. Add tbe bar doer, stir aod autcass agu.i. de bavs aoteo that 
<por bardned b> QEH28. if etposed to tbe ataasberlc eoUturc, alH still be ctUh after curing. 
This Is called blushing and usually dots net effict tbe eiBerjceat. 
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TABLE 1 (Continued) 

M fitcipc 4| 1i« part* h *r.d I anc f ittar t^etr^r^ ootgiif to IN eicrooe vacuo*. i*k# ovsrAiU it 7BC. 

J*" Ranoe 5* Vacuuc itprBgnitinn. T» uitf ttetf • itfiali * it -enoirM nMer> is »Kou> 

tiqn at tbe botto* and ooeo at toe top, I.e. * test tub* or jig. Hit jig is Mid releasee 
■id the filler uteri ii is poured Into It. usually <w tore iber a third erf the way to tiw toe. 
Hhrt tbe jt« le wareed in an orin U tfct wecified tetperatore ia preheat it and bale on the 
Mid release. Tht r«si* is Mlted, osuilU in toe sm» o*eo ai tnis ti«, *no thsn tne 
U added df>d dilated to eelt kto the mm. T>io»&l uv alto ds a&dad at Uiis tiae H 
s»tcjFi«d. T^a ahttire is stirred, than p&u/ed brer the titter uterlii, usoeilv "0 ft^s that 
; t«0 ttiiros Of the ■!» to the tap. Tfcis meebW l» ootojssel til! a vacuaa oi tft aicroos is reached, 
dsuaIIy u iiout 13 eioiite* depending on the size the JU etc. tfce vacoii is broken, 
the fpoty is forced into toe filler wterwt bjr »t»os?heric pressure. Bake it 7K orwnieM. 
Recipe ft; Parts ii and i ere stirred teethe*, Oct 9m to IM eicroas vacaua. bate it fcffi a*eraic>t. 

*7 Recipe 7| 5ae# ex fii tut the eaten*) is post 8»i*d it 2WC overiufltit. Hater turns froi red to 
black end Lbe los? ie crease*. 

$9 6<:ipe ft; Stir coapnneoti together ttarcogfcJ), c»to«9S t« 2flfi aicrcmt, paur into a jig it root 
t reparative, leive at &7 for about an tutor, then place jic in 77C avm o'entioftc. 

W feci oe ?; Stir zoueoeots together thcor^M?, orfgass to 2U ucroni, pour in to a preMttedl 
jif and bite at ?8C sttrnlc,it 

JM ftaciee 13; Melt ratio. «ii in alumina, oat;«s ii* to lee. add 0EH21, fUf, out^ss aoiin to lee, 

RT Refia Urttritura, w asout HC 

SiC Silicon carbide. 3ZS mi* cr about ii to 2B aicrani Ji«Mtf, Cera ?rc<wct oucber SlUt 
Tl 1A? S25 aecb tbni|«te« troe Ter&c« eroduct Rutber UU7 
VI tt Var««i Vila 

V tawsteti »c«ier. i to 2 eicrcot diueter, Cerec prM«j:t auwer nibB 

1ft if tticrie] t« «erv line ar.d doe* nut »ttac out. ot a bearier eoo*y resin si£t> k at ^ 



^cflo:! :■" Tasies ^:o!>ec Zr<r>iHfit3 :;i»ves 
;= Slsr It.i'iZGi. F\6.. Jlt-sjy:: ;5?7 "mole*iei: t.a.. 5,| a 4;tc, Ca- V>Z*z J:;t:«7-H^ 

^ir^cai c- :*e*ittrv a-j : i\ii:s, *5n 'dit;3ft. ^e«ic9l ?vooer fc. Cie^ilw; u'io, sa £-25 
i= Sot: "trv.bca*. P'.r.. jus^jcs. i-jtnrveZe. Ci. 
«sC ieae.isvi Sersii. IsEt '"'3^s*c»:crcs o(k :oeh-:s iic i>":t r *&33:cs- I 5 E2 

Mr.5ler f '*v. »'.V;-}<5}»TiLS " h10«;S1ICS. ]sV. i«i:ev #«^d ic*t. Pe2 

!•: Siisv:: 4ro <^$*;-j;ir : its; Cm 
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used for column headings here: 

Loss Attenuation 
p density in g/cm 3 

a Poissoif s ratio or (I - 2X)/(2 *(1 - X)) where 

AV/AT change of velocity per change in temperature 

given in m/s/°C referenced to 25°C. 
V L acoustic longitudinaJ wave velocity in mm/^ts 
V s acoustic shear wave veiocity in mm//t$ 
Z L acoustic impedance « p • K Ll in kg/(s * m 2 ) 
* 10 " 6 . 

LOSS, or attenuation, is given in several different for- 
mats in these tables. The most specific way is with the @ 
symbol. The number before the @ is the loss in dB/cm, 
the number after the @ symbol is the frequency at which 
the attenuation was measured in MHz. The use of A = 



means the number given is alpha (nepers per crn) given in 
sVcm times IO" 7 . To get loss in dB/cm multiply alpha by 
8.68<S */ fl , where/is the frequency of interest in Hz. This 
representation obviously assumes that loss increases in 
proportion to frequency squared, and is most commonly 
used for low loss materials such as glass. 

Transducer modeling programs will commonly assume 
loss increases just in proportion to the frequency to the 
first power. If this is the case then it is appropriate to use 
the material quality factor, or acoustic Q. To convert be- 
tween dB/cm and Q the following equations can be useful: 



2 * Y * (Stored energy) 
Energy dissipated per cycle 



Stored energy 
Average power loss 



(XO) 
(H) 



PAGE 21/25 * RCVD AT 6/18/2008 5:15:21 PM [Eastern Daylight Time] * SVR:USPTO-EFXRF-5/1 2" DNIS: 2738300 " CSID: 61 2-455-3801 " DURATION <mm-ss):1 0-16 



18/06/2008 16:15 



612-455-3801 



HSML (TK) 



Page 22/25 



394 



1EHE TRANSACTIONS OH SON1CS AND ULTRASONICS. VOL. SC-32. NO. 3, MAY 19&S 



2« 



86.9 » t*/ 
((dB/cm) * velocity)* 



(12) 
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YourEef No.: 10673. 1804USWO 
OurRefNo.:H2353-05 



Viecosity of Liquide (lO* 3 Pa's, Pressure latm=101.325Pa) 



iviaiieriai 


U \^ 








100 O 


Acetone 


0.402 


0.310 


0.247 


0.200 


0.165 


x\niiine 








1 OAl 

1.201 


0.808 


Ethanol 


1.673 


1.084 


0.684 


0.459 


0.323 


Diethyl Ether 


0.288 


0.224 


0.179 


0.146 


0.119 


Carbon Tetrachloride 


1.341 


0.912 


0.662 


0.503 


0.395 


Hg 


1.616 


1.528 


1.401 


1.322 


1.255 


Castor Oil 




700 


126 


62.0 


16.9 


Benzene 




0.603 


0.436 


0.332 


0.263 


Methanol 


0.797. 


0.543 


0.392 


0.294 


0.227 


Carbonic Acid 




23.8 


11.7 


6.6 


4.1 



1 
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